Introduction
Threehundred seventy-three species belonging to 78 families are regarded as weeds of sown grassland in Japan10). The principal weeds are Rumex obtusifolius L., Plantago asiatica L., Erigeron annus L., Miscanthus sinensis Anderss., Erigeron canadensis L., Stellaria media Villars, Rumex acetosella L. and Pteridium aquilinum Kuhn10). Of these, the most difficult to control is Rumex obtusifolius L..
Rumex obtusifolius is a widespread perennial weed which occurs all over the world. It was introduced into Japan in the Meiji era mixed with grasses from Europe and has been naturalized at disturbed sites, e. g., roadsides, parking places and sown grasslands.
In sown grasslands, the species has become particularly troublesome because it produces a large number of seeds, which can survive for many years in soil11), and often regenerates from cut roots.
It is important to study seedling establishment of a weed in order to know its biological characteristics and to learn how to control it. CAVERS and HARPER1) surveyed population dynamics of seedlings of R. obtusifolius, R. crispus and R. crispus var. litterous by sowing seeds and introducing transplants into various habitats.
In their experiments, almost all seedlings died and transplants grew poorly. They concluded that the vegetation of the study area was so stable that the survival and growth of seedlings was hindered.
However, this result does not explain why R. obtusifolius thrives in various disturbed sites, and it is considered that the behaviour of naturally recruited seedlings differs from that of artificially recruited ones. Therefore, it is necessary to examine the establishment of naturally recruited seedlings and see how the size of population is actually determined.
In the present study, the survival, growth and flowering of seedlings of R. obtusifolius naturally sprouted in pasture, meadow and forest edge sites and those artificially sown in bare ground site were surveyed and discussed in relation to the environments of the surveyed sites.
Materials
and Methods
Surveyed sites
The pasture, meadow, forest edge and bare ground of the farm of Tohoku University in Miyagi were 'chosen for the survey. The bare ground 8mx3m in size was artificially made in a sown grassland (pure swards of Dactylis glomerata L.). The 3. 4 ha pasture used for the survey was renovated in 1970 and has been grazed by cattle from spring to autumn and fertilized twice a year with compound fertilizer and urea. The number of marked plants was 59 in the pasture, 52 in the meadow and 20 in the forest edge site.
In the bare ground site, six blocks (50cmx200cm)
were designated, each block comprised of four plots (50cmx50cm each). Two of these were sown with 50 seeds and the other two with 100 seeds in September, 1981. Ninety nine seedlings with a root diameter of 1-3mm were marked in October, 1981. The number of marked plants was about four per plot and was not significantly different between the two sowing density. Plants within plots other than those marked were removed at various times.
In April, 1982, ten plants of R. obtusifolius which had emerged outside the plots were collected in the bare ground site and twenty unmarked plants were sampled in the other three sites.
In pasture, meadow and bare ground sites, respectively. In October, these ratios increased and the difference among sites also increased: in the forest edge site, the ratio in October was two times that in April. MURAYAMA et al. 7) . reported that the growth of R. obtusifolius was not much affected by shading treatment. Although many weed species are generally considered to be sun plants and have low shade tolerance5), R. obtusifolius might have developed a high shade tolerance by increasing specific leaf area, since an increase in leaf ratio is known to contribute to greater shade tolerance4).
3. Depletion curves Figure 3 shows depletion curves of seedlings of R. obtusifolius in surveyed sites; these curves differed in different sites. The number of surviving plants in the forest edge site decreased most slowly. The number in the bare ground site declined drastically in winter and gradually from spring to autumn. On the other hand, the number in the pasture and meadow sites declined at a relatively constant rate. Decrease in both the grasslands from spring to autumn was greater than in the other two sites. The survival rate at the end of the survey was highest in the forest edge site and lowest in the meadow site: 80.0, 27.3, 27.1 and 7.3% in the forest edge, bare ground, pasture and meadow sites, respectively.
4. Mortality in winter Table 3 shows . mortality in winter and the rate of bare ground area around marked plants in each site. Mortality in winter was 65, 31, 20 and 5% in the bare ground, meadow, pasture and forest edge sites, respectively. Except in the forest edge site, the higher the rate of bare ground area, the higher the mortality was. Death in winter was observed to be due to the dessication of roots by frost heaving. NIKKI9) showed that the root system prevented formation of ice columns.
Therefore, it is considered that where the rate of bare ground area is high, that is, where the vegetation cover is low, the formation of ice columns is promoted and frost heaving injury increases. In the forest edge site, where the canopy of the tree, Cryptomeria japonica, prevents the radiation of the heat of the earth, the soil temperature does not decline as much and therefore frost heaving seems to occur less frequently than in the other three sites. Figure 4 shows the influence of the rate of bare ground area on survival in winter in the pasture and meadow sites.
The relation between rate of bare ground area and mortality in winter was also recognized in both sites; where the rate of bare ground was high, the mortality was high.
GxuBB3) suggested that the characters of patch in vegetation affect seed production, germination and seedling establishment of plants.
In the present study, it became clear that the patch size where Rumex seedlings existed influenced the mortality in winter, and it increased with increasing patch size.
The effect of patch size was also clarified by MILES6), who studied seedling establishment of herbaceous plants in patches of bare soil differing in area; he showed that the early establishment of most species decreased with increasing patch size, but later survival showed the reverse trend.
Thus, patch size in swards seems to differently affect the population dynamics of each species. 5. Mortality from spring to autumn Table 4 shows mortality from April to October in the surveyed sites: 75, 66, 23 and 16% in the meadow, pasture, bare ground and forest edge sites, respectively. The relation between mortality from spring to autumn and relative light intensity was unclear.
Mean soil moisture from April to October was 52, 48, 57 and 66% in the meadow, pasture, bare ground and forest edge sites, respectively ( Table 2 ). The soil moisture in the meadow and pasture sites was slightly lower than in the other two sites. The difference among surveyed sites, however, was so slight that soil moisture alone could not account for the mortality from spring to autumn. Disturbance on the ground was much more frequent in the meadow and pasture sites and the high mortality from spring to autumn in these grasslands is considered related to the drastic change of the physical environments by cutting or grazing of the grasses. 6. Leaf grazing by insects Figure 5 shows seasonal changes in the proportion of plants grazed by insects to surviving plants from October, 1981 to October, 1982. Plants of which at least onethird the area of one leaf had been grazed by insects were regarded as grazed plants. Plants were grazed most severely in the bare ground site: 97% were damaged in June. In the forest edge site, the proportion was lowest with a peak of about 19% in October. The proportion in the pasture and meadow sites fluctuated between 0 and 40%. The peak in May and June seemed due to chrysomelid beetles (Gastrophysa atrocyanea Mots.); the larvae usually emerge at this time and actually were observed to graze on leaves of R. obtusifolius. Chrysomelid beetles are known to be dormant in the soil from summer to the following spring2). Therefore, grazing after the summer months is thought to be done by other insects, e. g., larvae of Allanthus luctifer Smith.
It has been reported that the chrysomelid beetle grazes young plants of R. obtusifolius to death8).
In no site surveyed, however, was insect damage serious enough to affect survival of the seedlings; thus insects feeding on R. obtusifolius were not considered to directly influence the size of its seedling population. 7. Flowering rate Table 5 (Table 2) .
Some seedlings persisted to flower in the grasslands and bare ground site, which suggests that the populations in these sites could complete their life cycles.
In the forest edge site, seedlings survived better than in other sites, but did not flower at all; therefore it is doubtful whether population can be maintained for a long period at this site. An extended survey is needed to know further population changes.
In naturally recruited populations in the pasture, meadow and forest edge sites some relation was observed between flowering rate and mortality: mortality was highest in the meadow site where the population showed the highest flowering rate, and lowest in the forest edge site where the population showed the lowest flowering rate (Table 5 , Fig. 3 ). This suggests that the habitats which are suitable for the survival of individuals are not always favourable for their reproduction. The population size of this weed may actually be regulated by this balance, which is available for ecological control of R. obtusifolius.
Summary
The seedling survival and flowering of R. obtusi folius in pasture, meadow, forest edge and bare ground sites were surveyed and discussed in relation to the environments of the surveyed sites.
The results are as follows: 1. The number of plants surviving in the fore edge site decreased most slowly. The number in the bare ground site declined drastically in winter and gradually from spring to autumn, while the number in the pasture and meadow sites declined at a relatively constant rate (Fig. 3) .
2. The higher the rate of bare ground area, the higher was the mortality in winter.
Death in winter was due to the dessication of roots by frost heaving (Table 3 , Fig. 4 ).
3. The flowering rate was highest in the bare ground site and lowest in the forest edge site. Relative light intensity seemed to have a positive effect on the rate (Tables 2  and 5 ).
4. The habitats suitable for individual survival were not always favourable to reproduction, and it was suggested that the population size of this weed might be regulated by this balance (Table 5 , Fig. 3 ).
